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(54) GROUP IIFV NITRIDE-BASED SEMICONDUCTOR SUBSTRATE AND METHOD FOR PRODUCING THE 
SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a self-standing group III-V 
nitride-based semiconductor substrate with reduced warp. 
SOLUTION: The self-standing GaN substrate having a surface 
dislocation density of 4X 107 cm-2, a rear surface dislocation density of 
8 X 105 cm-2 and a dislocation density ratio of 50 is obtained by first 
epitaxially growing a GaN layer 33 on a sapphire substrate 31 through a 
GaN low temperature buffer layer 32, then taking the substrate out of a 
reaction tube, removing the sapphire substrate 31, the GaN low 
temperature buffer layer 32 and a part of the GaN layer 33 to obtain a 
self-standing GaN substrate 35 (Figure 3 (b)), thereafter placing the 
self-standing GaN substrate 35 in an electric furnace, and subjecting the 
self-standing GaN substrate 35 to heat-treatment at 1,200° C under an 
NH3 atmosphere for 24 h. The warp of the Self-standing GaN substrate 
is significantly reduced. 
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77/13 a NH3 3 ^Xt^^-Wl^g 

/f7iS3K G a NfiS^y7 7l3 2*5«ttfG a N 
If 3 3(0-B*ffi£~?Z>ZtK£*)&iLG aNi«3 5 
(03 (b) ) o £©g±ZGaNSte3 
5 %««PKAn, NHj 1 2 0 0°CT' 2 4 Pf 

WW$kWtfsr> o £Lb©«fc 5 tc LT, £{B1itt&£ 4 x 
1 0 7 cm" 2 , affilif4S-g8x 10 1 enf 2 , Is 
fi[ffifii±5 O.OgiG a N»flBn5. clOgjiG 
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[ij^f^ff (T) fj? jSQ 

imtm i ] § s l 1 1 1 - v fi®<b%*¥*f*aig 

?$oT, IteffifSfi^DffiVM&l©®©^^* n i , 
{u^fg©^!!©®©!^^^ n a £Lfc£^ n 2 

/m ©fi*i«7 5o*?(re$sci:**i«fcirsiii- 

2 ] it i immv m— v mm^* 

t *Wft frf 5 1 1 1 - V » #Sfio 
[ff*«3] gtiLfcIII-V^fl#0MNW*2Sfi 

m. % ^fc&^g^ftVMI©iB©Sfii$3S£m2 it 
fcfct, m 2 /mi ©ffiAU 0 0 0*?iT& 

ik t -r * 1 1 1 -vmmm^mimUo 
nmm 4 ] tmm 3 ice*©! n - v mmm^ 

mW3M\Z.$5^T, mi ^5X10' cm 2 WTT?&3 

rarass 5 ] m$g 1 7bie 4 i/vfnfrfcsaR© 1 1 1 - 

V^Sfttl^¥2if**Stfe^T, J¥***3 0 fim&Jz 
1 mm#TT&S£fc*1$ftet-«III-V^fcftl* 

[wm 6 ] i»5t<ri i TbMsi- ^nMciam© 1 1 1 - 
n*#« 7 ] mmwfo<D±.mz in— v 

BUI21 1 1 - V KSf t«¥#«I fc MI2S«*S 

bin- sis a * 

msb 1 1 1 - v nmm&¥mwm<»mmmmwk-ftM 

L fc «© ififcS* IT, lEffi'ttfi fcffiSW 5 MSI**? 3 X 
gfc, *£tycfc%W*i:*Slll-VSSfc140MWi 
ft«*©Sjfi#&> 

umm 8 ] sasfi® ±w ic ni— v mmmm* 

i - v ^{taswftji 1 1 uffiaaafi k *#*r « 
ii- viiffl^iftllSoSSSftt* 

SoT, MBin-vKMtti^iWi©^*^ s 

o vix±<om&vmmm^n 5 c t *®%kt t « 1 1 1 - 

i*f*Sffi©SBl73?4k::js^T\ M3III-VB;3Hbi^ 

mmmmwt%n t fewest** t & 

§ 1 1 1 - v^ft»»¥*#ass©«js&& 

g{bt)^¥#f*ss©Moi^t*3i^T, ^fi^a^fg 
a-r sMiaMiias isiai 1 1 - v^-fb^^^i^ 



10 



20 



30 



40 



NS 2003-277195 
2 

i - v mmttm*'mmm<Dmmi5m a 
nmm 1 1 ] ns.m 7, 9 1 0 }cfe«©i i i 



50 



m&m mamma, mmi u-vnmitmm 
wm^s 1 1 5 0 v&±oM&r*mmrz>xn*'s;is 
c t t ? % 1 1 1 - v mmtmm-mwwM.v>wm. 

[0 0 0 1] 

[0002] 

[«©&#*] mm^mwumz, mpffltet&tft± 

ft|t^©3gJ3#^£^M£*i'£V3o £fe, *?© 
©fSffifcJHftStiTl^So 

[0 0 0 3] dtie©*?^:«fi!c-r?)Sfb%**l*« 
tt, WH^fafCffl/SftS (MOVPE), ^ v ?ff 
gj£ (MBE) % F^-i' F««fiffi (HVPE) 

mom mm&zm ^TTSii«€±^x e # * 

A*'ii5ntlz£.K>%t>ti% a tZZi>\ comity 

[0004] iss^p^jt*iOT^fti/Mii8OT*a{b* 

^IS B s B ^l#§fca6©*}4tbT, -9-7T^7§©Maa 
;E±tefiS*illtlg«» (^'v77l) ^©± 
t x kT ^ * * ;l/j*SM*JBSf 5 *J£*«JB S> tiT 

7 7^7f«fi±tA 1 N$fc«G a N£5 0 0°C#3£ 

Tit^L, T ; &;l'77X^©KS:^ , 'U— gB^H^t? 

«fc o 4Stttl©^?^#5{C{4^^T*fe o fc 0 
[0 0 0 5] ^C1T% ISH^ftffl©*Si:LTGaNa 

c©±{c«-Tfi5^i«fiK-rs¥#ft^iigi%® 

TS¥SA^£A/tt:tftW*tiTV»So SIT, u5b/c|g 

4Ga NSfi*f#?»ftJ6©^Si: LT. E L 0 (Epitax 
ial Lateral Overgrowth) fflfttf%\t>tlX^%<> ELO 
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©'>&^G a Ng#!#S&liT-&S 
1 2 5 3-*t&$reW\ JLOELOaffi^Wr'f 
7S«±fcG a NiWLfct t77^7l«to 
-yf-y^cj: DH£U i'l'/.G a NSfi^liS C 

[0 0 0 6]-^ EX 0©#&£2 
SfcLTF I E LO (Facet-Initiated Epitaxial Late 
ral Overgrowth) Sf5 (A. Usui et al., Jpn.J. Appl. 
Phys. Vol. 36(1997) pp. L. 899-L. 902)) #B8ffr£ftT^ 

^•j^t-e LOfc&ji-rs^ ^©^> vx^Bapgp 

7^©T%S^fcJ¥K©GaN]l£ffcR£-ti\ 
[0 0 0 7] 

[!!$#$& b<fc 5 fc-TSW^] L^L^p., ci©«fc 

S« W*l£tf7 r^rftKftlSE* LfcgaiG a Nil? 
14, J&fi®£±fcLT, [HWKfcSoT^Silfctf&e 

ntvSo e: ©SO cmSfittaf 

So jKDKDtf**^ cn«ifikLTf/WXffi 

ij y^7^ tf&K fc * 5 fc 46, f>W7©$gl 0 
KH±lr\b\ ffl*¥SfcLT 1 mmifclTSilfc^SlS; 
[0 0 0 8] #fgW4±fg«tfcM*&2ftfcfc©T-& 

[0 0 0 9] 

[ssi!M*~rs/ci6©^ig] #fgra#£ ©*&&£<* ti 
tf v iiai«©st)^ soffit KBto^n^n© 
awst/sett cmcjjmm) w& 



ftSoiiiWct^Bi, ^©Kt>&*#<&s©7:-& 

^*iwtrr s c fc t fc * s . 

[ooio] -#©®fcffi;£©®fc©?3#c3SGM©M 
JfltefiEO&Etf 3fi©£ D * ^ 5 1" c fc fcoi^T ^ 

&© A 5 fc#* S C fatfT** So A7?J!G a N fc3ot^T 
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HBMnri t HW5fi'P#ft LT43 0 , ^»*ffifc ©S? 

&7s/ci6fc, e©«i?K«?a«teffi*^iR#ffi-rs c 
h jc a *. stfetsa t tsftttiJ--f x©k £ & ii 

gPfc1SH£nS?g©*£2 (e) 
£ = A/do (1) 

jfi©/s— A"— WWCH Ll/\, fcT, — 75"©Bifc 
fte©ffiT$i{iSfi^S* S WRfffflEt ^ ©ii 

7So 

[0 0 1 1 ] HPUfc. iflllltGa NH£xt?#* 

i/ * SSSS^PtSI" S c fc fc <t 0 S 

&G a N&R*fBK!L-;fc*&S\ »Sfc G a Njifc©^ffi 
fcfe^T, H?^fi^fcSl*tT 1 0 9 ~1 0" cm 
" 2 ©Sl^ttlS&^Sfcft^o C©£?&i§sT?fc, 
77f7MI*S fcTSfi* <D\m.mtWMf, 

«&&gfc«fc^T, GaNliffitiil 0 s ~10 ? c 
rrf 2 8ft©<gffiffifiS'CT* , So C©±9;&*«©5 
Dtt* SlUf* — ^©ffi©^tt<Sfit^fi^ 1 0" cm" 2 
gfi"e\ ffi73©ffi©?3^fi®S^ 1 0 " cm" 2 US. 
fc&So ff£^2 0 0 ^m©g3xG a NSft©i§-&fc 
R0©iS3*¥®i:43 t i; J €-2 0 cmk*«iE**<4 
<1©S STiixVWXjSilfcffit" SC fcSBIiTfe 
So -/a, 5g«fEftmS^iS^«©ffi7?^©{it^ 1 0 7 
cm" 2 gjtfc/K£<ftftfc^ 500***3*41 Om 

IKtSD^* < KPl-Jtu -r/^XfSfflfciSLfeS 
S^lfSufc/b^-^So ■ 

[0012] «fK^«effl*«ow»fc«feoTis 
s©s o **piwz*fr sasfcoi/^TM^fc*\ iik^ 

^«^«ft*^€y^lsffi!B**W»1"* c fc fc =fc o T 
fc»lfi©E D ^*?iifc» ( J"e^ s„ 
[0 0 13] #58814, ±Em^fc*^^T^$tifct 
©TfeO, ^fEfiffifi, #fc5g«effi^a©SiJ»fcc]:o 

[0014] #5§wfc^na, ijiLfcin-vg^fk 

n i , &{±&&(DM^M<D~&?)Mfl&&% n z fc 
Lfcfct, n«/m ©fi^7 5 0*»T*fe«C 
« t "T * 1 1 1 - V tlSo 

[0015] #^fc<fc tiff, sfiososwrafFicaii 
$nSo ^^©fgMa^sswfcifp.tisdfc^?), 

SBtgc£tt©£-£ «ti S o 
[0 0 16] u©III-VSSft^¥*i*»Sfc*5t/^ 
m fl, 5f$L<m xi0 ! c m 2 «T> Off 

fb<sixio' cm' 2 OTfc-rscfc^-etSo C 

5 1 s c fc-e, a» m$MiF a mmML~D~DEi k> mm 

WfcWiJfSClfcA^tSo 
[0 0 1 7] Sfe*£SiK:<fcnfcfv iSbfelll-V: 
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^*m 2 tLtct%, m 2 /mi 0f*MOOO*l 
5 c t £ t S 1 1 1 - V SegfMfc^&ttSIS 

[0 0 l 8] i&mxc&inte, 8*fi©Ki3»iK:54# 
[0019] zmu-VMMWi3k¥MWMW.lzis^ 

X, m, ^L<ii5xl0 ? cm" 2 «T> 
SKS5X10 6 cm" ! «Tt«i:^^f§o £ 

[0 0 2 0] £5fc#f£g3fc:J:ft{& gS£«0±SP£ 
1 1 1 - v&Sft&^aWttifcJ&att" Slfli:, WEI 1 1 

- v mmm^mm t mtmmmm t *#»-r a x 
* %m l fcfiooffi^M l t , f nm-Aftim? %> warn 

[0021] £it#$ffi}te&mf, saas©±gp^ii 

ass t ttftm? s x@^#t? 1 1 1 - v tMmmm^m 
immowM-^mx^-Dr. mm n - v 
«#s©*s^ s fetitutai 1 1 - v ss{kti^¥«f* 

swat-r * ii i - vffigfttim*#f*ais©fi3S^s 



[0022] ±m$mft miczmf. iscsmw 

[0 0 2 3] C(DIII-V£g{b&36¥iW*S«©Sljt 
[0 0 2 4] £ £> 1 1 1 - V Ml^itWk^MfoWik 

;i tr\ efiSfiMwwsiT't^c a*, must 

[0025] #^lc*tf3fc<iafiSM3J:tf*I : R 
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:lC«l;oTft«L;fcIII-V ^ft*3R#»(*3SS®« 

a , 8!iS£5* «t o T tt£^fiT»1Effi*lttf ftft** 

[0 0 2 6] 

L<»3 0jimU±, J:D»Sb<tt5 0'/iinCU:i:f 

S^fiDff^fi, JffS L < « 1 mrnOTs «fc t) L < » 
3 0 0 pmKTtt?. SSOSt^AW^^SBB^aK 

[0027] *«WK43»-aiii-vfliafl:W0R i l s t«* 

In. Ga y A 1 N (0^x<l, 0 

^ y ^ K O^x + y^l) TfjiSnS^NWW^tf 6 
n§„ d©9^> GaN, A 1 G a Nf Of f 

[0 0 2 8] *f80Jt±: §3iSfi©ISffifBS^ fft^Itt 

So -S§tlsffi©*^^^^^kT, T?0« (e d g 
e) j , US®! (screw) J h^-oTc^Mi^m^ 

b*^i6©t*« rig-o (mi x e d) J tS&t^-So 

km l xm&mfi mimit? % „ mmz<&? 

[0 0 2 9] 7 ^^O^Iffltt, fcfc^tfSa* 

(TEM) fc£DffSC*:#T?*So T E MS 

o) 0*&meffio3Vh7^h*^iSf 

§ 0 !icD<lfc^Jffl-rSCii^J:0, 



(>m mm, ms-) *a^r*ci:*<T?#*«- 
[oo3o] %tcs mtiL^^ziz, it^mmK^-D 

[0031] 3^^aic*H-*ai[tfeiii-vfla8ft*i 

#j£T*ff Si Lfc*§^ Sffifate^©^*^®^^ 

WKSifi-rsc^^tSo f i ELoa, mmomn 

7 -try MBfi*»*ba*«S G a Nl^tCffl/tft*-^ 

U *®(EBHSS©flHf'>GaNJi*W6nS» COG a 

$1\ ga*®±fC Al.Ga,, N (0^x^ 
1) fr£&5{ggA>y77-Jf»&U ^^uOl 
CAljGai-, N (O^y^l) fr&4SSS-0*Sfi* 

c©3isiiji©±idisfc©x vuTtma 

h^^RO^-OAUGa.-, NI?:ffM1"§o 

Ltl^tbtAh Ga,-< N(0£z£l) 
ISH^Mffif&ft^ »§I©A l. Ga.-, Nft^ttS 



PP. 



[0 0 3 2] iCS* 1 , CSLfetfiSfc.fcDIiS&fl 5 

t\ gD!COVTttJ:DflBt«nS^tft*. Steffi* 

tftzrctb, mKmt*m&z.£fc£K>, Moth 

[0 0 3 3] 

[0 0 3 4] ^fififlaji 

77-f TSSfc P&ST ^ £ 1 i D i it G a N Stefcft 



(5) 2 0 0 3 - 2 7 7 1 9 5 

8 

[o o 3 5] $-fEI l (a) ©J:5fc-9-7r>fT3SSi 

1 $ffl^T, GaNxtf^+v'^Wll 2 

?«5Ga C 1 *3S|Rfe:||336T?#S«KTfl&»), G a C 
7 #X t tlSHC 1 fcGaM2 1 k©S 

^T-ifig^nso mmmmx, g a c 1 £»a§2 3^ 

2 4±T'G a Ni)liilt5„ 
««M*F2 5 7? 1 0 0 OXtlKgbfeo &1t* WM£% 
SGaC l^ffi, NH3 ^ffiSSfiSWe^-ft^tU 5 
X 1 0" 3 atm, 0. 3 a trnkL/to HOM^ 
gjigJift 5 0 ^ m/h ^'feSp K-lf y^Ji^'X-p 
WSiHa Chtt, F-fc^7*#X#A«2 6^5. 

(b) ©<£ 3 #$13 5 0 ftmJf©S i £ F— T'LfcG a 
Nil 4£j&g£-&fc„ 

20 [0 0 3 6] C©3KS*S*SWA^I!?5fflU 01 

(c) ©<k5K:tf77^7Slg£^&£fifr£&/*mg 
fi(9GaNMDi^ SfiGaNlil 5*f^ 

$2 t/Hicftt tT- A£ <fc o TtHlWx -y f - y ?*ffo T 
«>&l/\, ^77-T7*lg{*S3i-ra^> GaN 

30 [0 0 3 7] CCguGaNlIl 5 ©fefeSfi^S^ 
fegS, ^77-C7»K%lt*Lfcil©ffiT'tt, 5X1 
0 9 cm" 2 T?£D, ->3fiSSffi"Plis 1X10 6 cm 

ti> ^tl^* n, 4. 5X10 9 cm" 2 , 3. 5X10 

5 cm" 2 kt^ffi/Wfe-nfco ccT'KMaoK 

Kit. Wt£W&<DWM<D& 5 tfsfiSgA^ 1 0 3 c m 
~ 2 ^Fffi*j«fctf»f®©gj^«?S 
MM (TEM) «SMEffv\ fMT©fifi»«^ 

40 IM^nftl* (x-yf^<y F) -Oft^^SlttStt 

©J^KK tt A* < -ffl#£ t) . ttK»S©^V^t° -y F 
?3tt$sfui:?^JSLT!/^o o©^IEtt> x«y^e-yF© 

hX>, W?m<Dg^Z F;l/klsffi^©?jlRlk©M^6 
[0 0 3 8] t#6nfcgi£G a NlSSl 5©S0*«S 



(6) 

9 

(1/p) = d 9b /A x 

[0 0 3 9]^t, 11 (d) ©£3&C> y-yrJTM 
1g£B&£Lfcll©ffifc:o^T$J 1 5 0 iim\Ct>fc&M$, 
1 6£lt£U gAGaNSffil 7ZWc a iKDft&fc 

lig|KOH%I^fto ccox-y^-y^m-v^ NS© 10 

»*BS?»Kx*j>f-y^*Sfei6tx ftGa NH© 

ct o T t S 21 ?>c 
[0 0 4 0] £©f§H, g&G aNlIl 7©t7T^ 
7SM*PtiLfc«©ffi©xig&Sfi& 5 X 1 0 7 cm 
" 2 s W&MiLmm*. 3X10 7 cm" t{&<K-D 

££D#;fcf®fc&#£ftfc 0 £©±IC I nGaNll/- 

[0 0 4 1] Hfflf!l2 
*HSS$J-cH3\ tuj$©ELOKffi (S. Nakamura, et a 
1., Jpn. J.Appl.Phys.,vol 36 (1997) p. LI 130) 
t^7 7-i'7ii±ii:G a Nxtf£^>-wWI£jfc&£ 

GaNlfi§ffIU i¥ffitfc 0 £CK *^SfiMtn#S 30 

[0 0 4 2] $f"1f7 7-f7S*4 1 ^ffl^T, »t^G 
aN14 2%Xlf^4 : i'tMS^^ "t(D±K, Ga 
NO [1-10 0] 75n&fcXh5*:/tt§f 

(TMGa) fc«fcffNH. fc^HiSftk-rSMO V P E?£ 
tci'Ds 04 (b) ©itSfcil 0/xm©Jr££W&G 

a N Jl 4 4 ^fiJcJI Lfco 

[0 0 4 3] #tc:©*«£MjiR©B2^LfcHVP 40 
tflOO 0"ClC«jEbfc. ISiSi:ft5G a C 1 £ 

je, nh 3 ftmzmmnxznzn, 5x10"" a 

tm, 0 . 3atrat LTc 0 C ©^Tfigftiifia^ 5 
O/im/h-ea&So Sfc, F-tr ^flCBtf^-CfcS s 
i H 2 C 1 1 14, F-tf>^X#AW2 6fr&SKfl 
jgfc %Z.£T*Y-¥y ofc u tit <fct)0 
4 (c) 3 5 0fimJ¥©S i£F-7*LfcG 

w*^sjottiu hi (c) "e^bfcokraatfcL/T^ so 
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D Bt*. Sid^OJKBWr * GaNI45 £t#fc 0 

■y-77-<r»K*B*si"s^rffifcbTa:, w*t& sits 

& 5 Wi4>tt tT- A -J: o TttSWx -y ^ y o T 

s&fc* *77^7®S4»f3#\ g 3 n 

HS«PbT^"rSC:t*>T*t5o t:©G a N!4 5©fs 
te^g^li^fcIS^, ^7 7-f7»&BI£Lfd!J©ffi 
ttt 1. 5X10 9 cm" 2 TfSt), -73$*ffi"? 
tt, 2X1 o 6 cm" kl/^HWff&tlfto £©?-i3 
SttfiffiKlBBl/Ttt, ZtiZtU 1X1 0 9 cm" , 

1X1 o 6 cm" 2 fc^dflKWt&ftfe. 

[0 0 4 4] W^ntcG aN!4 5 (EftGaNgffi) 
©SD^ateLfckc:?., ^©ft*¥SkLT, 1 mt 

[00 4 5] ^C, il (d) <D£5\Z. V7T<<7& 
S*|££Lfc#J©ffiK:0!^Tfti 1 5 0 p m\Zt>fc2>W$. 
*&£L1t 0 COBSKIijSlKOHftl^ft. £©x 
•y ^ > ^ffiT? H\ N ffiO»*3BKWCX y * 5 

Ittbfc, G a HM&OWM O&ftffikfiRftfJj) * 

y^©jilR14^%< fcfc, GaNiltS i 0 2 ftH<D 

umm* : &®.?z c k-£«ffi©ft^wx>y ^y^Bjn 

[0 0 4 6] iioei, G a N» 4 5 ©-9-7 7^7*11 
#Bti 5 X l 0 8 c nf 2 > 

J)VimiL&&te, 2. 5X10 8 cm" 2 kffi<«:o 
fc 0 C©SS©SD%iISbfckc:?», ftf¥IS3m 
k£D^ifiIfcafe#$tXfc„ C©±t InGaNlU- 

[0047] mmm3 

*H»JT^4x P E N D E O k iff tlSSffi (T. S. Zhel 
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